Rafflesia kemumu is a new species described from Northern Bengkulu in Sumatra, Indonesia. The species resembles R. gadutensis in size of the open flower, but differs from it with regard to the color and wart ornamentation on the upper surface of the perigone lobes, color and presence/absence of warts on the upper surface of the diaphragm, blots pattern on the two concentric rings of windows near the diaphragm opening, types and distribution of ramenta, number and shapes of processes, and number of anthers. The new species has orange to dark orange perigone lobes with warts of two sizes, in which smaller warts are often merged, and surround larger ones, and 23 slender, conical processes with rounded apex, arranged in two concentric rings (15 and 7 processes each) and a single process in the center of the disc. Rafflesia kemumu has no warts at its upper surface of diaphragm, simple and compound toadstool ramenta on its upper perigone tube and the lower part of the lower surface of its diaphragm and broccoli-like ramenta distributed from the base to the upper part of the perigone tube.
Introduction
Species of Rafflesia R.Br. (Brown 1821:201; Rafflesiaceae) are holoparasitic plants without leaves and true roots, for which species of Tetrasigma (Vitaceae) serve as the host (Meijer 1997) . The species occur at the western region of Wallace's Line in Southeast Asia: from Thailand to Indonesia and the Philippines. Of the about 30 described species of Rafflesia worldwide (Sofiyanti et al. 2016 , Hidayati & Walck 2017 , 14 are found in Indonesia (Susatya 2011 ). This figure is comparable to the number of species in the Philippines (Galindon et al. 2016) . Meijer (1997) recorded six taxa of Rafflesia on the island of Sumatra, Indonesia: R. arnoldii R.Br. (Brown 1821: 201) , R. arnoldii var. atjehensis (Koord.) Meijer (Meijer 1997:24) , R. gadutensis Meijer (Meijer 1984: 211) , R. hasseltii Suringar (Suringar 1879:1) , R. micropylora Meijer (Meijer 1984:213) , R. patma Blume (Blume 1825: 609) , and R. rochussenii Teijsm.& Binn (Teijsmann & Binnendijk 1850: 425) . Since 1997, three additional species have been described from Sumatra: R. bengkuluensis Susatya, Arianto & Mat-Salleh (Susatya et al. 2005: 139) , R. lawangensis Mat-Salleh, Mahyuni & Susatya (Mat-Salleh et al. 2010: 159) , and R. meijerii Wiriadinata & Sari (Wiriadinata & Sari 2010:95) .
Sumatran species of Rafflesia mainly occur along the Bukit Barisan Mountain Range, from Aceh in the northwestern portion of Sumatra to Lampung in the southeastern tip of Sumatra. Rafflesia hasseltii, R. micropylora, R. rochussenii, and R. meijerii are easily distinguished from the other Sumatran Rafflesia because of their very distinctive features: five large whitish warts on the red maroon perigone lobes of R. hasseltii, the very small diaphragm opening of R. micropylora, and the absence of processes on discs of R. rochussenii (Meijer 1997) and R. meijerii (Wiriadinata & Sari 2010) . The last two species are further distinguished by the presence of lamella structures on the column of R. meijerii (Wiriadinata & Sari 2010) and the absence of such structures on R. rochussenii (Meijer 1997) . The other Sumatran Rafflesia closely resemble each other and have been misidentified as R. arnoldii in the past; a few of these entities have been named as new species (Meijer 1997 , Susatya et al. 2005 , Mat-Salleh et al. 2010 . Another taxon, R. atjehensis, was treated as a variant of R. arnoldii (Meijer 1997) , but was considered distinct by Susatya et al. (2017) because of differences in the type of ramenta.
The most frequent reports on flowering Rafflesia in Indonesia come from Bengkulu, Sumatra, a place where the holotype of the first species of Rafflesia was collected and described by Robert Brown in 1821 (Meijer 1997) and where R. arnoldii, R. bengkuluensis, R. gadutensis, and R. hasseltii are also located. Rafflesia gadutensis and R. bengkuluensis were considered as R. arnoldii until they were respectively described as new species in 1984 (Meijer 1984) and 2005 (Susatya et al. 2005) . Rafflesia gadutensis is found in West Sumatra: around the Gunung Gadut area (Meijer 1984 (Meijer , 1997 and at the Mohammad Hatta Forest Garden (Akhriadi et al. 2010) . Furthermore, a team from the Indonesian Institute of Science recently found this species at Mursala, a small island near Sibolga, on the western coast of North Sumatra (Mahyuni et al. 2015) .
The presence of R. gadutensis in Bengkulu was evidenced in a photograph by Schaefer in 1934 at a remote location around a gold and silver mine in Northern Bengkulu (Meijer 1997) . Zuhud et al. (1998) and Susatya (2007 Susatya ( , 2011 further reported flowering Rafflesia at Palak Siring region in Northern Bengkulu as R. arnoldii, until it was considered as R. gadutensis by a group of participants of the International Symposium on Indonesian Giant Flowers of Rafflesia and Amorphophallus in 2015, when they visited the site. However, further visits to Palak Siring along with the collection of detailed photographs and of flowering specimens of this Rafflesia have shown that its characteristics differ from R. gadutensis and other described species in the genus. As a result of this research, we propose a new species here. Susatya, Hidayati & Riki, spec. nov. (FIGS. 1B, 1D, 2B, 2D, 3B, 4, 5B, 5D) Differs from a related species R. gadutensis by the absence of warts on the upper surface of the diaphragm, the pattern and arrangement of warts of windows near the diaphragm opening, and the presence of compound toadstool ramenta on the upper part of the perigone tube. Holoparasite. Male flower fully opened ca. 38.50-43.80 cm diameter. Perigone lobes 5,10.39-12.59 cm long, 14.52-18.58 cm wide, orange to dark orange colors. Warts of two sizes, whitish orange, small warts ca. 0.22-0.35 cm diameter surrounding large wart, large warts ca. 0.68-1.00 cm diameter, 7-9, across median of perigone lobes, large warts becoming smaller, and more distant to each other towards tip of perigone lobe, sometimes merged in middle of perigone lobe, small warts often merged to form long rectangular shapes, ca. 0.22 by 0.70-1.50 cm (FIG. 1B, D) . Perigone tube 13.80-14.20 cm high, colored lighter orange perigone lobe. Diaphragm ca. 10.38-12.63 cm wide, opening ca. 5.09-7.47 cm wide, color upper surface of diaphragm similar to perigone lobe, orange to dark orange, warts absent, 4 discontinuous rings of circular depressions lighter in color than their backgrounds (FIGS. 1B, 2B). The lower face of diaphragm dark orange, becoming very dark orange in the region just before the tip of the opening. Windows 4 discontinuous rings of whitish orange blots, blots more distant to each other toward to diaphragm opening, first ring consisting of compound toadstool ramenta, 0.65-0.82 cm wide, close to each other in region near tip of perigone tube, second ring consisting of toadstool ramenta, 0.64-0.81 cm wide, 0.48-0.53 cm long, distant to each other, the third ring with blots, 0.62-0.89 cm wide, 0.52-0.82 cm long, distant to each other, outer ring with circular blots, 0.16-0.20 cm wide, 0.48-1.04 cm long, 1.13-1.75 cm spaced apart (FIG. 2D) . Disc ca. 7.96-8.38 cm diameter, orange, lighter color than perigone lobe, disc rim 1.80 cm high, raised, dark orange at the tip and becoming lighter toward its base. Ramenta simple broccoli-like ramenta, 0.51-0.64 cm high, ca. 0.11 cm wide at apex, sparsely occupied from base to middle of perigone tube; branched broccoli-like ramenta, 0.78-0.83 cm high, very rare, only at mid-zone of perigone tube; regular broccoli-like ramenta, 0.76-0.83 cm high, more numerous, distributed from near base up to top of perigone tube, near diaphragm; simple and compound toadstool ramenta at upper part of perigone tube (FIG.  4) . Processes 23, conical with rounded apex, dark orange at apex and becoming lighter orange towards base, two concentric rings and a single process in center of disc, outer ring with 15 processes, 1.29-1.39 cm high, 0.62-0.81 cm wide at base, 0.13-0.38 cm wide at apex, second ring with 7 processes, 1.54-1.84 cm long, 0.76-1.54 cm wide at base, 0.11-0.21 cm at apex, center 1.26 cm high, 0.94 cm wide at base, 0.22 cm at apex ( Etymology:-The specific epithet is named after a village near the location where the holotype specimen was collected, Kemumu. The people of Kemumu rely on the continuity of a water supply from the Palak Siring watershed for their rice fields.
Taxonomy

Rafflesia kemumu
Distribution and Habitat:-Rafflesia kemumu is a holoparasitic plant, with Tetrastigma pedunculare (Wall ex Lawson) Planch. as its host (herbarium specimen, Gin-2, HUB!). The holotype was collected from the Palak Siring area, which is considered a lowland rain forest, and also as a part of the Bukit Daun Protection Forest. (Meijer 1997) . Phenology:-Rafflesia kemumu flowers during any month of year, regardless of the season. However, flowering occurs more frequently from August to November than during other months and rarely in December.
Conservation:-Nais (2001) categorized all Indonesian species of Rafflesia as Vulnerable (VU), but Susatya (2011) recognized them as Critically Endangered (CR), except for R. arnoldii (as VU) and R. pricei Meijer (as Least Concern, LC), due to their low population size, high mortality, and limited geographical distributions. We classify R. kemumu as CR based on these criteria. The Palak Siring area is a famous tourism destination for Northern Bengkulu. Of the four known populations of R. kemumu, one is very close to a trail within the Palak Siring Forest and is heavily visited and severely impacted from unguided tourists. The locations of the other three populations are more remote and occur in more pristine habitat.
Discussion
Rafflesia kemumu has long been considered as R. arnoldii because of the similarity of perigone color as well as the wart ornamentation on the upper surface of the perigone lobes. However, R. kemumu is smaller than that of R. arnoldii, and resembles more R. gadutensis at first glance, since the size of the fully opened flower overlaps (38−44 vs. 40−46 cm, respectively). Key differences between R. kemumu and R. gadutensis are color of the perigone lobes; pattern, size, number, and color of warts on the upper surface of the perigone lobes; color and wart presence/absence on the upper surface of the diaphragm; blot arrangement of the two concentric rings of the windows closest to the diaphragm opening; types and distribution of ramenta; number and shapes of processes; and number of anthers (Table 1) . Meijer (1984 Meijer ( , 1997 , Mahyuni et al. (2015) , and Susatya et al. (2017) or obtained from photos by the late Prof.
Kamarudin Mat-Salleh.
The color of the upper surfaces of the perigone lobes and diaphragm of R. gadutensis was not described by Meijer (1984 Meijer ( , 1997 . Akhriadi et al. (2010) and Mahyuni et al. (2015) defined the color of the upper surface of the perigone lobes of R. gadutensis as pinkish to bright red and pale maroon red, respectively. We considered that the pinkish red is similar to maroon red. In contrast, the perigone lobes of R. kemumu are orange to dark orange (FIG. 1B) . The perigone lobes of other Rafflesia species are usually orange and dark orange to brown (Meijer 1984 , 1997 , Nais 2001 , Barcelona et al. 2009 , Susatya 2011 . Red maroon perigone lobes are found in R. hasseltii (Susatya 2011) of Indonesia, R. cantleyi Solms-Laubach (Solms-Laubach 1910: 1) and R. azlanii Latiff & Wong of Peninsular Malaysia (Latiff & Wong 2004:137) , R. leonardi Barcelona & Pelser (Barcelona et al. 2008: 224) , and R. schadenbergiana Göpp. ex Hieron (Hieronymus 1885: 3) of the Phillipines (Barcelona et al. 2009) .
The large warts on the upper perigone lobes of R. gadutensis are surrounded by small warts (Meijer 1997) . Rafflesia kemumu has also two distinctive sizes of warts, in which small warts surround large ones. The difference between the two species is that the small warts of R. kemumu are often merged to form long rectangular shapes (FIG.1B,1D ). This pattern of large warts being surrounded by small warts is also seen in R. arnoldii (Meijer 1997 , Susatya 2007 , R. mira Fernando & Ong (Fernando & Ong 2005: 263) , and R. leonardi (Barcelona et al. 2008 (Barcelona et al. , 2009 ). However, these species differ from R. kemumu by flower size: either being larger than R. kemumu (70-100 cm or 45-60 cm for R. arnoldii and R. mira, respectively) or smaller (25-34 cm for R. leonardi) (Susatya 2007 , Barcelona et al. 2009 ). The size of the large warts of R. kemumu (0.68-1.00 cm) is smaller than that of R. gadutensis (1.00-2.00 cm) (Meijer 1984 (Meijer , 1997 . While R. kemumu averages seven large warts with a maximum of nine warts across the middle of the perigone lobes, R. gadutensis has 10-12 large warts (Meijer 1984 (Meijer , 1997 . Furthermore, the color of warts on the perigone lobes of R. gadutensis was described as whitish-pinkish (Meijer 1997) , while that of R. kemumu is whitish-orange.
The upper surface of the diaphragm for R. gadutensis is pinkish red with 30 rows of circular light pinkish red warts with red margins (Meijer 1997) (FIG. 2A) . In contrast, the diaphragm for R. kemumu is light orange and warts are absent. Moreover, the upper surface of the diaphragm for R. kemumu has 3-4 concentric rings of circular depressions with slightly lighter colors than their orange backgrounds (FIG. 2B) . Among Sumatran Rafflesia, the absence of warts on the upper surface of the diaphragm is only reported in R. lawangensis (Mat-Salleh et al. 2010 ). Meijer (1984 Meijer ( , 1997 reported that R. gadutensis has windows with five concentric rings of white blots on the lower surface of its diaphragm. Of the five concentric rings, the two rings closest to the diaphragm opening are arranged by merged or long rectangular warts of 0.20-2.00 cm (Mahyuni et al. 2015) (FIG. 2C) . Similar long or rectangular blots at the same area are also reported for R. hasseltii, R. keithii Meijer (Meijer 1984: 211) , R. pricei Meijer (Meijer 1984:214) , R. cantleyi and R. azlanii (Sofiyanti et al. 2007) . In contrast, the two concentric rings closest to the diaphragm opening of R. kemumu are arranged by circular white blots which are never merged and are distant to each other (FIG. 2D) . This type of arrangement was also similar to that of R. arnoldii, R. kerrii Meijer (Meijer 1984: 212) , R. micropylora (Meijer 1997) , and R. bengkuluensis (Susatya et al. 2005) . Meijer (1997) described the ramenta on the lower surface of the diaphragm close to the perigone tube of R. gadutensis as "toadstool-like protuberances" with "only 1-2 mm long stalks." Susatya et al. (2017) categorized this type of ramenta as compound toadstool. Although Meijer (1997) did not clearly indicate the location of these toadstool ramenta, he states that the "Perigone tube … covered at the inside with … ramenta which … have swollen heads [= swollen apex ramenta of Susatya et al. (2017) ] … a few branched or lobed ones near the diaphragm. Between the ramenta on the inner side of the perigone tube some … toadstool-like protuberances close to the inside of the diaphragm …." Should Meijer (1997) have observed toadstool ramenta in the upper perigone tube, we believe he would have clearly mentioned it. Hence, we interpreted that Meijer's statement likely referred to the location at the boundary between the perigone tube and diaphragm and not to the upper part of the perigone tube. Our interpretation is matched by the illustration in Mahyuni et al. (2015) showing branched ramenta, not toadstool, on the upper part of the perigone tube. Susatya et al. (2017) also found compound toadstool ramenta only in the lower part of the diaphragm. As a consequence, we conclude that toadstool ramenta are not found on the upper perigone tube of R. gadutensis (FIG.  3A) .
Two types of toadstool ramenta are found in R. kemumu: simple and compound (see Susatya et al. 2017 for description of these variations in toadstool ramenta). The compound toadstools of R. kemumu were prevalent on both the upper part of the inside of the upper perigone tube and the lower part of the lower surface of diaphragm, while simple toadstool ramenta were located at the lower part of the upper perigone tube. Rafflesia kemumu has the other types of ramenta, which were not described by Susatya et al. (2017) and resemble broccoli; hence, we called them broccoli-like ramenta. In contrast to toadstool ramenta that have white or whitish orange apices, the apex and stalks of broccoli-like ramenta have the same color of dark orange. We observed three variations in the broccoli-like ramenta. First, simple broccoli-like ramenta were short (0.51−0.64 cm high) with 0.11 cm wide apex and occurred sparsely from the base to the middle part of the perigone tube (FIG. 4) . Second, branched broccoli-like ramenta, 0.78−0.83 mm high with 0.33 mm wide apex, were very rare and generally occurred only at the middle part of the perigone tube. Third, regular broccoli-like ramenta, 0.76−0.83 cm high with 0.60 cm wide apex, were more numerous than the other broccoli-like ramenta, and were found from near the base up to near the top of the perigone tube (FIG. 4) .
Swollen apex ramenta additionally are found in R. gadutensis (Meijer 1997 , Susatya et al. 2017 . The only other species of Rafflesia in Sumatra with toadstool and swollen apex ramenta is R. hasseltii (Susatya et al. 2017) . Along with R. kemumu, R. hasseltii has simple and compound toadstool ramenta on the upper perigone tube. The simple toadstool ramenta of R. hasseltii are at least 10 mm high (Susatya et al. 2017) , while those of R. kemumu never reach 10 mm. Rafflesia hasseltii is easily distinguished from the other two species by wart number and size: its five large warts measure 3.00 × 5.00 cm to 1.00 × 10.00 cm on the perigone lobes (Meijer 1997) , while the 10−12 warts of R. gadutensis are 1.00−2.00 cm (Meijer 1997 ) and the 7−9 warts of R. kemumu are 0.68−1.00 cm. Meijer (1984) recorded that the number of processes in R. gadutensis ranged from 17 to 30. These processes are arranged in two (or three) rings with 14 or 15 in the outer ring and four or five in the central ring (Mahyuni et al. 2015) or with ten in the outer ring and seven in the inner ring (FIG. 5A, C) . On the other hand, R. kemumu has 23 processes arranged in two rings with a single process in the center of the disc. The outer and inner rings of this species have 15 and seven processes, respectively (FIG. 5B, D) .The processes of R. gadutensis are flat and conical shaped with a truncate apex (FIG. 5C) . This shape is also found in other Sumatran species, such as R. bengkuluensis, R. hasseltii, R. lawangensis, and R. patma (Meijer 1997 , Susatya et al. 2005 , Mat-Salleh et al. 2010 . In contrast, the processes of R. kemumu are slender and conical with a rounded apex (FIG. 5B, D) . The morphology of the processes of R. kemumu are similar to that in R. arnoldii of Indonesia (Susatya 2007) , R. mira, R. schadenbergiana, R. beletei Barcelona & Cajano (Barcelona et al. 2006:231) , and R. leonardi (Barcelona et al. 2009 ) of the Philippines. While the flowers of the first three species are larger, those of the last two species are smaller than the flower of R. kemumu.
